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·Abstract
The ability to use optical techniques for signal generation and control of
phased array radar was experimentally investigated. Several experiments were
performed to demonstrate the ability to optically control the phase as well as the
amplitude ofan 80 MHz microwave signal for an individual antenna element since, in,
an actual phased array ra4ar system, the amplitude and phase ofthe signal may be
,
controlled simultaneously. The relative phases ofthe elements in the array are
'1
controlled to steer the beam without inertial and mechanical restrictions. However,
'-
the amplitudes ofindividual elements in the antenna array are controlled to adjust the
overall shape ofthe beam. Thus, an experiment was designed which attempted to
control the amplitude and phase ofthe microwave signal concurrently for an element
in the antenna array.
1
l .
1. Introduction:
Recently, there has been a great deal of interest in using optical techniques for
signal generation and control of phased array rad~r. A phased array antenna consists
ofa number of individual radi~ting elements. The relative amplitude and phase of the
currents driving the individual antenna elements are controlled to generate an antenna beam
pattern resulting from the superposition of all the radiating elements. One objective ofa
phased array antenna is to accomplish beam steering without the mechanical and inertial
problems ofrotating the entire array. Another objective is to provide beam control at a
~ .
fixed frequency or at multiple frequencies in a certain bandwidth (Riza and Psaltis).
Due to the prohibitively large system size and weight ofa conventional phased array
antenna system, using wave guide or coax for signal generation and control is impractical for
large scale implementation on spacecraft .or satellites. An optical beam forming system for
,
phased array radar is smaller, lighter, more broad band, and has better immunity to
electro-magnetic interference as well as better phase stability than other systems
(WU and Chandler).
The interest in optics for phased array radar has also been stimulated by the demands
on modem radar systems to achieve the frequency agility necessary for counter
measuring radar jammers. In addition, by using guided optic~l waves as carriers for the
__ nUcrowavesignals that drive the radiating elements of the phased array, it is possible to
realize optical delay lines that are non-dispersive over multiple microwave bands (Ng, et al.).
In this thesis, an experiment is performed in which an acousto-optic cell is
used in conjunction with a liquid crystal light valve (LCLV) to obtain amplitude and
2
· phase modulation of an 80 MHz signal. The ability to vary the amplitude and phase of
the microwave signal is demonstrated ·which, in an actual radar system, would be used
to control the individual phased array radar elements for beam steering applications.
This thesis will first present a theoretical b~~k~round of the phased array.
antenna as well as of the two main system components namely the acousto-optic cell
and the liquid crystal light valve. In addition, a brief review ofthe principles of
amplitude modulation and phase modulation will be presented. Following the
theoretical background will be a description ofthe experimental setup as well as a
'discussion of the mathematical theory involved in each of.the experiments conducted, .
namely amplitude control and ph.ase control of the microwave signal. ,Next, the result's
from each ofthe experiments will be presented followed by a discussion of system
issues an9 conclusions.
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·2. Theoretical Background:
2.1. Phaseq Array Antennas
As stated earlier, a phased array antenna consists of a number of individual
radiating elements. The phase and the amplitude ofthe currents driving each antenna
element are variable and can be utilized to provide control of the antenna beam
pattern. .There are three main array configurations used. A linear array consists of
antenna elements arranged along a straight line. This type of array can be used to
provide broad coverage in one direction and a narrow.beam width in the perpendicular
- direction. Elements can also be arranged in a planar 2-D format. This configuration is
known as the planar array, A planar array with a rectangular aperture gives a narrow
beam width, fan shaped beam, while a planar array with a circular aperture produces a
pencil beam. Array elements could also be mounted on a non-planar surface like a
cylinder, for example, to obtain 360 degree coverage.
Consider a linear array consisting of N number of elements spaced apart by a
distance a with a radiating wavelength A.. It is necessary that there is a phase
difference, a, between the signals driving the adjacent elements so that energy can be
transmitted at an aQgle 8 with respect to the array normal direction. The plane wave
interference condition requires that the phase difference of the Signals driving the
adjacent elements is
2mz . ·(B)a =--SIO
.4
(Riza and Psaltis). This.relationship can be seen in Figure 1.
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Figure 1. Linear Phased Array Antenna Configuration (Riza)
The main beam can be rotated by varying the phase difference CJ. ofthe signals driving
the_ array antennas. However, the element spacing has to be less than half of the
carrier wavelength to prevent grating lobes from appearing over the antenna beam
scan width.
,,..--.
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Each individual element radiates its own pattern and the combined far field
radiation observed at angle 8 due to all the elements is approximated by
N-l
E:::o Lsin(/Vt-na)
n=!)
(2)
wher~ 0) is the angular carrier frequency. This sum can be written as
. sin(Na /2)
E =sm[lV t + (N -l)a /2] sin(a /2) (3)
5
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The second term gives the amplitude of the radiation pattern and its magnitude is given
. .
after substitution ofEquation (1) and normalization by
I ( )1 = sin[N;r(a / A,) sinO] I
EONsin[;r(a / A,) sin 0] (4)
The excitation of the elements of the phased array and the resulting far-field pattern
have a Fourier transform pair relationship. This result is expected from the Fraunhofer
diffraction wave theory where the object and far-fields are Fourier transform pairs
(Riza).
Scanning ofphased array antennas can be done in several other ways in
addition to phase scanning. One way in which scanning can be acc,omplished is time
delay scanning. In this method ofbeam steering, delay lines are used instead of
frequency shifters to provide an incremental delay from element to element. This
makes this scanning method independent of frequency which is beneficial for most
applications ofphased arrays. However, individual time-delay circuits are difficult to
implement in a practical system. Another beam steering method used is frequency
.
scanning in which, at one particular frequency, all of the radiators are in phase. As the
frequency is changed, the phase across the aperture tilts linearly and the beam is
scanned. This is a simple and inexpensive method, but frequency of operation is
usually considered too important of a parameter to give up for scanning. An
additional method forbeam steering isbeam switching. This method uses parallel
plates containing a wide-angle microwave lens. The lensprovides appropriate time
delays to the aperture, giving frequency invariant scanning. The beams may be
selected through a switching matrix. The beams are stationary in space and oveqap at
6
about the 4 dB points. This is different than the other methods that were previously
.. described where the beam can be steered accurately to any position. With beam
switchin¥, all ofthe beams lie in one,plane. The system would need to use mechanical
rotation to give vertical switched scanning for 3-D coverage. In order to accomplish
beam switching in both planes, much greater system complexity would be required
than with other methods ofbeam steering. By comparison of all of the various
methods for beam steering, it is evident that phase scanning is one ofthe most
practical and economical ways to achieve accurate steering ofa phased array antenna
(Skolnik).
In general, electronic signal processing for the transmission and reception of
radar signals is utilized in phased array radar. -Depending on the operating frequency
ofthe radar, different electronic radar technologies are considered optimum in terms
ofcost, practicality and p~rformance. Hybrid microwave integrated circuit technology
(HMIC) is currently being used to build phased array antennas in the lower half ofthe
radar frequency spectrum (10 GHz and below). Above 10 GHz, mo~olithic microwave
integrated circuits (MMIC) are being developed. :The optical techniques for signal
generation and.analysis in phased array radar that will be discussed in this thesis would
be utilized most in the lower half ofthe radar frequency spectrum (10 GHz and below)
. \
and would be competitive with the larger electronic hybrid technology employed for
building present radar arrays. Such an optical system is designed with currently
existing highly mature optical component technology. These components include
semiconductor lasers, acousto-optic devices, and high speed detectors (Riza).
7
2.2. System Devices: Acousto-Optic Cell
The frequency, intensity, and direction of an optical beam can be controlled by
the scattering of light by sound. When a sinusoidal signal is launched ont~ an acousto-
optic cell, a change in the density ofthe material is created which causes a change in
the refractive index of the crystal. The acoustic wave is usually launched into the
medium using a piezoelectric transducer. Application of an electric field to such a
transducer deforms the piezoeleCtric material producing an internal strain. This
property ofthe piezoelectric medium is used to convert an electric signal into an
acoustic strainwave. A propagating acoustic wave in such a medium can also be
viewed as a diffraction grating. This phase grating can diffract and modulate an
incident light beam. Because ofthis diffraction grating, plane waves are able to be
deflected at an angle proportional to the frequency of the signal. Each of the planes
reflects only a very small fraction of the incident plane wave. The scattered light
i
consists of linear superposition of all these reflected plane waves. The diffracted
beams are found when all these reflected plane waves add up constructively.
Therefore,
V s
,1=-
s f (5)
whereA.
s
is known as the acoustic wavelength, V s is the acoustic velocity, and fis the
drive frequency. The path difference for rays reflected fro"m two adjacent planes is
2-\sin8, where 8 is the angle between the ray and the planes as seen in Figure 2 (Yeh).
Constructive interference occurs when the path difference is an integrate number of
light wavelengths Ao p for a crystal of refractive index n so that
8
2-\ sine = AoP
n
This is known as the Bragg law (Vanderlugt and Bardos) (Yeh).
: '
Figure 2. Bragg Interaction Geometry (Yeh)
(6)
If the acousto-optic cell is operating in the Bragg regime of optical diffraction, 0
the beamois shifted in frequency by an amount equal to the frequency of the sound
wave that is exciting the cell. This diffraction ofthe light occurs when the particles of
the sound beam collide with photons at frequency 0 0Ji. The incident photon at 0Ji is
annihilated and a new diffracted photon is created at a frequency of 0Jd which is equal
to the sum of the frequency of the incident photon 0Ji and the frequency of the sound
,
beam Ok as
(7)
The frequency shift condition can also be derived by considering an optical beam
incident at the Bragg angle. Then the frequency shift is given as
vAO) =20)0-
I C In
9
(8) .
,where 0Ji is the optical frequency, v =V s sinO is the component of the sound velocity
Vs parallel to the wave propagation direction, n is the refractive index of the material,
and c is the velocity of light. Therefore,
using
arili using
"
(9)
(10)
the following expression results:
(11)
where Ao and As are the light and acoustic wavelengths respectively. Substituting from
Equation (6) with p=lleads'to an expression identical to that given in Equation (7) in
which
OJd ':' OJ. +{OJ (12)
Since there is another regime of optical diffraction in addition to Bragg
diffraction known as Raman-Nath diffraction, it is necessary to make several
calculations to prove that the acousto-optic cell is operating in the Bragg regime of
optical diffraction. Bragg diffraction exists when Q>1 and Raman-Nath diffraction
exists when Q<1 where
(13)
10
(14)
where"k is the period of the grating and L is the interaction length in the crystal and
the Bragg angle is given by
For this experiment:
k=: 633 nm
f= 80:MHz
v.= 4.26 km/s
L= 18 mm
n=2.2
v.
and since k =f )
k= 53.25 !!m
\jI= 0.003
8B= 0.0027 radians
which finally leads to:
Q= 11.31
(15)
and since Q>>1) the acousto-optic cell is operating i~ !he Bragg regime ofoptical
diffraction (Yeh).
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2.3. System Devices: Liquid Crystal Light Valve
The liquid crystal light valve or LCLV is a 'high resolution optical-to-optical
image convertec It is able to accept a low intensity input ofwhite or green light and
, .
then convert it in real time to an output image with light from another source,
However, the LCLV does not allow for the interaction of the input and output light
beams. The input image is focused onto the photoconductor to reduce the impedance
of the photoconductor which causes the ac voltage that is impressed across the
electrodes to switch onto the liquid crystal to activate the device. The materials that
make up the liquid crystal light valve can be seen in Figure 3.
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Figure 3. Cross Sectional Schematic of the Liquid Crystal Light Valve (Bleha, et al.)
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Between two glass substrates, the light valve consists of several thin film layers. A
power supply of 10 V-peak at 10KHz is connected a~ross it: The dielectric mirror
and the blocking layer separate the photoconductor from the readout light beam. This
',,~
enables the simultaneous writing and reading of the device without combining the two
light beams.
The operation ofthe light valve depends on a hybrid electro-optic effect
utilizing birefringence and the twisted nematic effect. When the voltage is on, optical
\
birefringence occurs in the device and when the voltage is off, the twisted nematic
effect is dominant. In order for these two effects to exist together,. the liquid crystal
molecules at the electrodes are aligned with their long axes parallel to the electrode
surfaces and they are aligned to lie parallel to each other. By orienting the two
electrodes so that the direction ofthe liquid crystal alignment on the two electrode
. '
surfaces make an acute angle with respect to each other, the twisted nematic
configuration is obtained. When traversing the space between the electrodes, the
molecules ofthe liquid crystal layer rotate through this angle. This results in the
polarization direction of the linearly polarized incident light to rotate through the twist
angle which is known as the twisted nematic effect (Bleha, et al.). On the other hand,
optical birefringence occurs when a beam ofunpolarized light strikes the crystal and
two beams are generated, each with a different polarization (McAulay). Figure 4
illustrates. the operation ofthe LCLV in both the on and off states.
13
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Figure 4. Operation ofthe HybridFieldEffectMode Light Valve (Bleha, et al.)
A. The Off-State
B. The On-Stcite
To understand the operation ofthe crystal in the off state, it is necessary to
place a polarizer in the path of the incident beam parallel to the first electrode and to .
place an analyzer in the path of the reflected beam. After the first pass through the
crystal, the direction ofpolarization ofthe light is rotated through the twist angle of
the crystal. ~owever, upon reflection from the mirror in the LCLV, the light once
again passes through the crystal and the polarization is rotated back to the direction of
the incident light where it is blocked by'the analyzer. This provides a dark off state.
For the on state, the molecules begin to tilt toward the homotropic alignment
once the voltage is applied to the crystal. In this orientation, the optical birefringence
14
of the molecules can affect the polarization ofthe light. As a result, after the light
reflects from the mirror, the light is no longer linearly polarized so that some
transmission can occur. , ....
The liquid ctystallight valve can be used for many applications for coherent
optical data processing. Some of these application include optical correlation, image
subtraction and optical edge enhancement (Bleha, et al.).
\.-.... --./
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/2.4. Amplitude Modulation
In this application ofbeam steering for phased array radar, the phase and the
;amplitude of the microwave signal are able to be varied. In order to understand how
the amplitude is abl~ to be controlled, it is necessary to understand the mathematics
behind amplitude modulation in general.
Amplitude modulation requires that, at the AM transmitter, the amplitude of a
sinusoidal carrier be varied according to the amplitude ofa modulating signal. At the
receiver, the carrier signal is removed and the original amplitude information is
recovered. For example, if, at the input of a transmitter, there is an analog signal met)
given as m(t) =ADC +Amcas(mmt) and in the transmitter a carrier x(t) is generated
given as x(t) =Accos(OJct) , an amplitude modulated signal can be obtained by simply
multiplying the two together as
yet) =met)· x(t).
By substituting in for x(t) and met), the AM sIgnal can be obtained as
yet) =[ADC + Amcos(mmt)]Accos(met)
(16)
(17)
. ., cos(A +B) +cos(A - B) .
Usmg the IdentIty cos(A) cos(B) = 2 ' It can be shown that
AmAc
yet) =AvcAccos(m:t)t-2-(cos(OJct+ mmt) + cOS(OJct -mmt» (18)
This illustrates that the output signal yet) has spectral components at the original
carrier frequency as well as at the sum and difference of the carrier and the modulating
frequency. The carrier component is the first term in Equation (18). The other two
16
spectral components known as the upper and lower sidebands are located at me + 0Jm
and me - 0Jm respectively (Hefele).
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2.5. Phase Modulation
In the last section, the amplitude of the carrier was made to vary With the
modulating signal. The amplitude and frequency at which it changes werethe two
parameters containing the message information. This, however, is not the only method
ofmodulating a sinusoidal carrier. If the general expression is considered
e(t) =Ec cos(mt + ¢), (19)
it can be seen that the frequency ofthe carrier or its phase relative t~ some reference is
also available for carrying the information contained in the message.
There is a difference between frequency modulation and phase modulation. By
definition, frequency modulation occurs when the carrier frequency is made to vary
about its unmodulated value of fc in such a way that the instantaneous deviation is
directly proportional to the instantaneous amplitude ofthe modulating signal. The rate
at which the carrier frequency varies is identical to the frequency information of the
message:-With phase modulation, thepliase deviation ofthe carrier is directly related
to the modulating signal amplitude and the rate at which it varies is identical to the
frequency information of the message. The instantaneous phase ~ must be linearly
related to the amplitude of the modulating signal m(t) therefore,
'"
(20)
where kp is an arbitrarily chosen constant and ¢c may be considered zero.
Substituting gives an expression for the phase modulated signal (Betts).
18.
3. Experimental Procedure
3.1 Amplitude Control
In order to show the p~acticality and usefulness of optics for control ofphased
array radar, it is necessary to demonstrate the ability to easily vary the phase of a
microwave signal optically. When transmitting information using a phased array
antenna, it is more advantageous to utilize the maximum power available. However, it
may be desired to control the amplitude of specific elements in an antenna array so as
to shape the antenna beam pattern. Figure 5 illustrates what equipment was used in
the amplitude modulation experiment. The key at the bottom of the illustration will be
the same for all ofthe setups described in later sections.
The 1.5 mW HeNe laser was fiI;8tdivided when it was sent through a beam
splitter, BS2. Using;a mirror, Ml, part ofthe beam was directed into the AO cell
driven by an 80 MHz signal. The zero diffraction order was blocked and BS1 was
used to combine the original beam with the first order diffracted beam
The second half of the experimental setup involved the use ofa 10mW Argon
laser. This green laser light was focused onto the write side of the liquid crystal light
valve while the red HeNe laser light was focused onto the read side. The polarizer
placed just in front ofthe LCLV controlled the amplitude of the write light which
resulted in a change in amplitude ofthe modulated HeNe laser beam. The attenuator
was used to make it easier to more finely adjust the degree to which the signal
19
amplitude would vary. The results were then able to be seen on the oscilloscope
which was connected to the light detector through an amplifier.
\
\~.----~----.•.. _-- '
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Figure 5. Experimental Setup For Amplitude Control of Phased Array "Radar
3.2 PhaSe Control
More important in a phased array radar system than the ability to control the
amplitude ofthe microwave signal is the ability to control the phase of the signal.
Figure 6 illustrates what equipment was used in the phase modulation experiment. As
before in the amplitudecontrol experiment, a 1.5 mW HeNe laser was first divided
'II .
into two parts by a oeam splitter, BS1. One part was directed as before into the AO
cell driven by an 80 MHz signal. The other part was directed toward BS2 so that a
reference beam could be formed. The two beams from BS 1 and BS2 were then
combined at BS3 and detected by DET[. It was required that the liquid crystal light .
valve, LCLV, only place a phase shift on one of the two beams from BS[. Beam
splitters BS2 and BS3 were oriented in opposite directions which allowed for a phase
shift to be placed only on one beam as well as combining the two beams from BS[ at
BS4 to be used as the reference. The detector, DET2, was used to detect tlw reference
signal. Both signals were then amplified and sent to the oscilloscope. The reference
signal was used as the trigger signal so the phase shift could be detected on the
oscilloscope.
The second half of the experiment was virtually identical to the setup in the
amplitude modulation experiment. The beam from the 10 mW argon laser was again
directed towards the write side ofthe liquid crystal light valve through an attenuator
and a polarizer. The polarizer was again used to vary the intensity of the argon laser
directed onto the write side of the liquid crystal light valve thus providing control of
22
the phase shift. The attenuator was used to increase the degree to which the polarizer
,
needed to be turned to obtain a change in phase.
23
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.Figure 6. Experimental Setup For Phase Control of Phased Array Radar
4. Experimental Results:
4.1. Amplitude Control
To demonstrate the ability of an optical control network to be used with a
phased array radar system, the ability to control the amplitude of the microwave signal
was experimentally investigated. Since, in an actual phased array antenna, there would
~ be separate beams ~r each array element, analog amplitude control for individual
elements can be accomplished. It is commonly used for calibrating signal amplitude
errors in the electrical and/or optical parts of an antenna system. In addition, antenna
beam pattern amplitude tapering can be used for transmit and/or receive-beam sidelobe
control and adaptive nulling.
For this experiment, an argon laser was directed onto the write side of the
liquid crystal light valve while a HeNe laser was directed onto the read side as was
illustrated in the experimental procedure. The amplitude of the 80 MHz signal was
then c0t:ltrolled by varying the intensity ofthe argon beam with a polarizer.
The results ofthe amplitude modulation experiment illustrate how an increase
in the intensity ofthe argon laser light onto the,read side of the liquid crystal light
valve resulted in a corresponding increase in amplitude ofthe microwave signal. The-
different amplitudes obtained during this experiment can be seen in Figure 7 through
"-
Figure 11. Following these results is Figure 12 which is a graph illustrating all of the
data points that were taken during the experiment characterizing the system as far as
amplitude control is concerned.
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4.2. Phase Control
In order to demonstrate the ability of an optical control network to be used
with an actual phased array radar system, it was most important to illustrate the ability
to easily control the phase of the microwave signal. As was stated earlier, the main
objective of the phased array antenna is to accomplish beam steering without the
mechanical and inertial problems of rotating the entire array. This is most easily done
by phase scanning. Since the main antenna beam pattern is a superposition of all of the
patterns ofthe individual radiating elements, the beam can be rotated by varying the
phase of the signals driving the antenna elements.
For this experiment, an argon laser was directed onto the write side of the
liquid crystal light valve while a ReNe laser was directed onto the read side as was
illustrated in the experimental procedure. The phase of the 80 :MHz signal out of the
detector was controlled by varying the intensity of the argon beam with a polarizer.
The results ofthe phase modulation experiment are shown in Figure 13 and
Figure 14. Figure 13 illustrates the two signals detected for the phase modulation
experiment with the intensity ofthe argon laser set to 0 W. Figure 14 illustrates a
. phase shift of 158.4 degrees which was produced when the argon laser was set to a
maximumjntensity~0£28,u~W._No~QthenJatl!pojl'l1S~ere~taken _sinc_e !he sigIl_al to be
phase modulated was slightly unstable and had a tendency to shift due to noise which
was determined to be due to the 730 MHz longitudinal mode of the ReNe laser that
was used. However, this experiment does illustrate the principle involved in inducing
32
a phase shift on a microwave signal based on the intensity of an argon beam directed
onto the write side of a liquid crystafIight valve.
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5. System Issues
In order to illustrate the practicality and usefulness of optics for control of a
phased array antenna, it was necessary to demonstrate the ability to vary the amplitude
and the phase ofa microwave signal simultaneously. Previously, separate control of
amplitude and phase was demonstrated. However, for an efficient radar system, it may
be required to control these two parameters concurrently. Figure 15 illustrates what
equipment was used in the simultaneous amplitude and phase modulation experiment.
The first part of the experiment was identical to the phase control experiment. The
beam splitters BS2 and BS4 in this experiment correspond to BS2 and BS3 in the phase:
control experiment in Figure 6. After a phase shift'was placed on the signal as before,
the signal was directed by M<> and Msthrough the quarter wave plate, the beam splitter
BS3 and two polarizers, P2 and P3, in order to achieve the addition ofamplitude
modulation. Finally, the signal was directed towards the detector and then was sent to
the oscilloscope after being amplified. The principle behind this experiment was to
perform phase modulation and then amplitude modulation in series. /"
Unfortunately, it :was not possible to view a simultaneous amplitude and phase
change on the oscilloscope after this optical setup was constructed. In principle, this
arrangement should work. An improvement in the results could be obtained by
utilizing a detector with better sensitivity. It was obvious that afte0he HeNe laser
!,-~'9J
beam passed through all ofthe devices necessary for the experiment that a more
sensitive detector would be needed in o-tder to detect a signal. Additional pqwer could
be conserved by utilizing polarizing beam splitters instead of non-polarizing beam
36
CJ,)
""-J
HeNe LASER
Ar LASER
AT
"""\
I ~M3
61
AO CELL
BS 1
M 'I M1 ' ",,- 2
BS2
(, I I
P1
BS4
OSCILLOSCOPE
M6
DET AMP
'/'\
LCLV
P2 BS 3
M4
P3
Ai4
Ms
(-
Figure 15. Experimental Setup for Simultaneous Amplitude and Phase Control
-,
splitters since they do not cause as much power degradation to the laser beam. Noise
was also "a factor in not being able to see a phase shift in both this experiment as well
as the phase modulation experiment. The noise was determined to be due to fhe 730
MHz longitudinal mode ofthe HeNe laser that was used. Figure 16 is a picture of the
actual optical setup for the simultaneous amplitude and phase modulation experiment
that was performed in the Optical Computing Laboratory at Lehigh University.
The experiments performed involving both amplitude and phase modulation
simply illustrate the principles involved with an actual antenna array. The liquid crystal
light valve that was used in the experiments contains over 200 pixels. This would
',<
allow for phase shifts to be placed on 200 antenna elements by directing the write
beam through an intensity grating before the LCLV which would result in specific
phase shifts on specific beams. If it was desired to reduce the sidelobes of the antenna
beam pattern, it would also be possible adjust the amplitudes through the use of
polarizers for the individual beams.
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Figure 16. Actual Optical Setup for Amplitude andPhase Control
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Figure 16. Actual Optical Setup for Amplitude and Phase Control
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6. Conclusion
In conclusion, the ability to use optical techniques for signal generation and
control ofphased array radar was investigated. A theoretical background of the
phased array antenna as well as of the two main system components, the acousto-optic
',>
cell and the liquid crystal light valve, were presented. A brief review of the principles
.of amplitude modulation and phase modulation were also presented. Experiments
were performed that illustrated how the amplitude and phase of an 80 MHz
Go
microwave signal could be varied separately. The experimental setups as well as a
thorough analysis ofthe mathematical theory involved in each were,carefully
discussed. For an actual radar system, it may be useful to have the capability to
control tne amplitude and phase of the signal simultaneously. Thus, as a final
experiment, a sys,tem was constructed to achieve this goal. However, due to system
" ,
noise and low signal levels, it was not possible to see the amplitude and phase ofthe
microwave signal being concurrently controlled.
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